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(54) FREE-FORM SURFACE MACHINING DEVICE 

(57)Abstract: 

PURPOSE: To machine a work into a desired free-form surface 
based on tool route data by originating tool route data needed in 
order that a rotating work is machined in a desired free-form by a 
cylinder tool based on shape data of a free-form surface body. 
CONSTITUTION: From shape data stored at a memory means 1 and 
the size of a cylinder tool 10, tool route data is produced by a 
computer 2 and stored at a memory means 4. The tool route data is 
fed from the memory means 4 through an interface 3 to a servo 
controller 5. The servo controller 5 is caused to control servo 
motors 6, 7, 8 and by moving the cylinder too! 10 according to 
indication made based on the tool route data, the work 1 1 is cut or 
ground into a free-form surface body by the cylinder tool 10. 
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[ g ft] *4S93 tt: g A ft ffiflw^ttT*- * EMB-f 

fcfc«*XA«*^-**rffi*U XASKt*-^^ 
J: Y> XfMfc£r/?rM<E> S * ft® {-flPX-f 6 0 

t FmxJU Oo^ifc^^vt 0 ^-* 2 9 XA 

7, S^ffil^JbRtSXAl 0$:I^gKf-^lJ: 
J: 9 W^Sftfcii 9 «t «9 . XfM£>l IS: 

R1SX*1 Old J: 9 S*ftB#^«JHiJ*fcttflF»J*DXf 
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['frfFii IS] 

5) fcj;^ XfNH*r#R»«cWHy*fctt»BOi-SXf^ 
Sfe«Jc*3V>-c, Xfl5*©***iRioBf*nBIWr:i:©, ttfc 

fc, H«X*^»mJ:i?*«S*bSai»aB^Xff*fl!> 

7 s — *£rJB^T, Xft©tt*rfijffl:B2itfXfP4felHHsftJC 

#ffi^3RiaxA*^{fcB (UlTKifcv^X^ffiST 5 — 

xA^&tfx^oxflMMtokW*!*^ 

ItJlE 2 il©r- * (OK^ffi L SrtffMI- £ = > t° ^ — * 

xfPfc^itxi-sWrffirt^ipHi** 
**i-sx*«:«^rxf^ige«i^ie3ti-5*iRiii:w 

B-C*5I#*i, RX^£K»1-5ir— #3£Bfc, 
KX zmm ttiitW k ¥fif;£ ft \z.&m-e $ 

*DXlcJfe^oTMB»--OBtt^®<0v :r — ^SrfltrB 
It»^n^^^^J:>?, S5BX#M£&x-*&ftgbT 
itulE^X wB«^lftic:*^T*3#, ^PXB^^fiBUlS^V 

tr»-*fc:j:9, Hi(EA»fr«#, xfttbfe&mttBJR 

stfEfgxEis^a^bx^aas^-^srBt^au 

i^tx, H&B£tttf>i?-— #3£Bfc: J: 9 Kf^I 
ftMfc* S * ftffiteflqXi-S - k 1"3 S * ftffi*P 

X^B C 

[»W^«*IB4lMn 

[0 00 1] 

®#£r. n«»X**rfflv^T«»J*fcttWHU^-5, 3 A 
[0 0 0 2] 

« ft j»-e *> s . x*fcEtefcW«s*T8Mfci-5 
[0003] *^WB«o»frlctt, XfMMi±*K:ie# 
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•9 * usxAas»<z>KftSr%*-r5 r. t As^T^n^^o 

[0 0 0 4] »ctclS«^J:5^R»«]Hy^»-&tt, XJI: 

10 tl<fi/V KifeiWkXfPWSr'&tfSPffirtoBI^ (^-r 
h**S6P<BRffll) £^ft£*t«57c*6, X*ftttd^tt9 

[0 0 0 5] 

l&WtmtelsX 5 ki-^HjH] x^^HHc^-^T^F 

Mr«*AWH9«>»«[«ww-ett. in 2 (a) Octp^ga 

«ki-S1>o^fc5 % scorns, ztt*fa<0Xfla»0rffi 
-c«>*o ufc*so"CXfti*xtt*fRi{^ibi-sds, ^gq 

lctS*tf*t»ki--5H2 (b) coJ:5*»^«, 
x**H J 'tofiaizfc* t x^©s*^ p o z tt* 

BfeftSI-Sfrnv^iHSr^rU Xf^*HHEftXT/Z 
***fcJ: 9**SffiBlcx*«rttB*Wi-6«B«:W 

[0 0 0 6] I^at/W hSrffiffl-r5*PJ^»f®«J 

»J*nx^*5v^Ttt, /<<f hof < v^**ffcs>»ttfc: 

"CfeSo H3li*UfcJ: 5fc»8Sfls*©*#ft*rffi» 
«^Xf^%SrlHl*GS-B:-C«)BUi-5*'&^tt, /<>T 

< v^ftttiHite^aorK'fk-t"-5o-c, i"< v^Sr*sifc 
«o r k 3ft« W* 34 v \ * fca^A * < * 6 ft ^ 4: / < 
KO505feiXf«b3fts««L,ft<4-5. SotBrffiliiKl 
ftXf^*»oApXtt-C# ft v\ £ r X 

i£*5*ajcj: 9±HlHi<Eji«3&siWIB**tS 0 

RrSStu ^©iaK5i«*stttBT^^3i^^»cj;9ffi 

<, -t^tt**»ft«DB'Jftfl=-C»B*j3d*fffctt5. ^tufc 
^LT, Rl^X^lCfe^X^X^oo^fffi^-t-^xdb^ 
0*«ft»fcft*a*ftffift:-CfcSsfi&B3ftS*>a3ftS, 

*»o»aaB<b*^*:# < r fcfflffliPX^pjiB-efcs. 

*fc«»J5M»R«X*©l§IC»T«fi-C#Sa>^ r 
^ ^ ^ =r. - * o*»ttlB t B8« ft < R « X *<0 HME* *: 

JO [0 0 0 7] L^bft^e, FOTtSl^I 
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ftfitttt S * ft ffi{*0»f*«tt"7*~ * £ * UV ^fc *> 

X*fcO«*jR3ft*Kfti-5A:«)lt, XJI&S&teg&litl® 

s*Ti*ftffi«s:jc*px-r^^tt, j^r?*— *a>feR« 

Srff*t5 - b tf&m £ ft 5<, 

[0008] ztLtb<Dm?j:zmw\tei<^mmn\cis^ 

feOTcWI!iJ^tB4:Xf^^*!itlt-t-5i4:A^ *3fi9? 
[0 0 0 9] 

U*^ORfBX**r*6ffli"5t^fcU 

[ooio] -jR^xff*<o»«ri, i^ti^g 

jfeSflnXKifcttS, JJ»»ttfcJ;5W«ttW 
8:1- 3 XfP»©t>4:oOllffffi»tt*:*t-CW:. X*^ 

+»(Nn*»v>ja^xa»c*5v^T, ^^w^ife*?*— tikis, 

1&m£<D&&^irih<OT—9b—^Z>£ : >t£. r^x 
•ffcftftffi (^T^c^v^TXA#s^)tflIffi^^-r5) ±<o 

JMt«rX*offi«Sy«l»'fr«ti IT, Xflstt^EHEXt* 

[ooii] mmtzm i tc^-r j: 5 xflM&wroKtt 

fcEtti" S »-G>Ett#« 1 , XJ1:«K^-* &E«i" 
HMKt*-*. Xft^iSu WfiUft#ftif*AaU # 

^® ~-<t> mti t ft 5 a^t:*— * 

«si (ctt) ^m^W)<Dtnb<o^-^m 

B (ZM) Ift»»'&©fcj()Ot-3i?8B 
•ft-ti — xjirira&«a&«9, RfiSXJUO, 
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Sa* 1 2 N XA-& 1 3 . K 1 6 *r£3f ft®* 

tL.x, m&ffii$i,x*>z>o m\z&\<^xtei lnmwcD 

fc«C>»i^fcHlF** 1 4ttKM<fcfc«>lcEALfc*3£« 
©iUfc-efco Ti^»Jinxic*jit 5 t^tt - a t, x 

ftmEALfcI*t'L>©»»tt (Xtt) , I6lii^ 
y KT^5c 

[0 0 12] ±EO«fifc«C*5V^T, E«^«l £fBt§^ 
IS 4 te^o&:#n;L}o^T KgU Uftitixtf ft b ftv^T% 

v^w*triftfeftv^s, w^t#tt> 

flcjc««LTJ:v\ Z«i&t/Xtt<01^-#^E~^li. a 

vf&stn. Kith? <{-Y'<v* k<Dmmm.&. mn 

[0 0 13] 

30 ^(O^^ftifSrA^i-So Sc^Elt^ai^b**^ 

bfrt>^>\?~— * 2T*X^SSS^— *£ffr£U XA 
»K^-^SrE«^®:4^i*WUT^<o S**®^^: 
^nx^-5^^^^t°^-^ 2 fi, E«#Sk4J:9X* 
Mf-^^HiU -f>-^-^^-r^3$:^T. * 

P3ttX*l OSrlaHES-frSXJrlgKmBaQSrJBibi-S 
C tcj: i9 , S S«a5ff»*^«BU*nx»t«F»J*PX^ 
40 fJMbte&o 

[0 0 14] 

i tt*«w^ctaasftffi*px^B(o«figiaT?*>5o is 
tfaiii jfjDx-r^^^^w^^ofcKfr®?^^- 

50 A^otlM^7-^MU m^^XcoEH 
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5 

(D^Of — *3fc:2&S;i fcT?*>5 0 fgxoiBtt# 
Sk4ttfS— ©B1t#«i fcWD*ll0>.fc«>-eJ:v\, Hffi 

T^S«K*>1K- H3£#!JT- 
lie, Z, X^n<D^tb^tl^(K>it^i:^(r>^ ^^'- 
mmz. F/VffttT, C«*-#M«l3fi«^«£ESr 

/u*aCldJ:9*^i-5o 7 icfcB^Lfcv* 

C«i*W«fc:7-f — K^y^SrtToTV^o XttifiSUE 
v-JJ V^£r1*--tf#{cj; 8 
£/Hvn:lMKjUCV>5o fc*>£ik::o®»tt*Ztt£|^ 

3©±tnmAioi, xj^^hMH-^mtbm 

19. Xtt*fpJlcffififfi|«lS^-5o ;io»&<0tt«*>»fr 
SSSftSX^aftT*- 0 XI^ 1 3 (iM^ 1 

[0015] IBtt^A l t-lBlt $ titiMWr— 5 

i: a — * 2(CA^l$nfcRfgjX^l 0 fc 

iaskt- * «rff*r ^ **>#««: b 4 (c j: r> mm 

[0016] #jffi 1 0 0 H E«#S 1 lcE«£*Lfc7& 
(Z, 0) T^t£ix5o ^^-CZIiZtt^lI^U 
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(5 

fl ttX-Y5pffirtt?X«i«rfi^i:-t-5fta«:*U r0 
(Z. 0) ttZ«ioffi«ztc:*5*tSX-Y5Pffirt<oftS 
0 iciott-S ZW^b B *ftffi#«ffi*-r*)8EBi«:«-r. 
J:oTrO (Z. 0) ttS*ftMi*:<0*®S:^i-ill»i: 
eftttB#©»tt^-^«:H»r 0 (Z, 0) t? 

(z x 0) ^rz 1 0jd*furajg8Wic^-rsrtf^> 

«^J:*?ll»tt4Zi 0lc*>tt£ r 0 (Z, 0) Sr^f-xi 
JO 5ri^^5 0 T'fi, ZmJj&KDM?** d Z 0, 0 
^^J^d0OiU«f-^rO (Z, 0) £r 
fflv^c £ e>K, d Z OttS*ftB{*:oztt;*Gj0>ftS 

&s»reMo u d 0 owe 3 6 o a? 

^fzh(Ot-tz> 0 roj; 5tcz#*|pj(cd z o, 0*ft 

CdO Opl&X^X-bthtcMW:?*-? r 0 (Z, 0) £ 

[0017] #J(Bl 0 1 fl ? r 0 (Z, 0 ) 

0 6*1^^*5^57*— ^O*0*d 0 0£rd 0 1 
5»f^T?*>5 0 d 0 1 d 0 0 tmm^S 6 0SSr«« 
20 -CWofctOt^So r©*ftM**I*d e OdS*#^J§ 
J: «9*PX»*Sr±*f5fcft»ca*.«[«:/h*<-t-S 

[Sfcl] 

d f/ O =- d O i 

£\ r o (z. 0) -esiisttJfcv^— 

r.ttfiro (z. 0) £ 0*rp]^^^ p 7-r is&mxffiffl 

f:i«f-^r 1 (Z, 0) tt^^:, Mf- 
50 *ri (z, 0) £:!7-rir— 7i — A-e^Lfct^teH 

[0 0 18] #110 211 Mf-^r 1 (Z, 0) 

A^fflKftgr^go (z, 0) *:ffj«i-a»f^-e«> 

5 0 r©lftfP^i!ttSrB7^J:9RW-r<5, 

t 1 (Z, 0) OZ«UcSfi*»fffiSrftft0lHM£$* 
5 0 r^^ttXWtYttSr--eiH]|gS^:/t:tt«rXOttX 
t/Y0${&i:Ufc e :w^Mf-M (Z, 0) (O 
zttlclE*x-Y Kffio ttJK teff MA HoJ:54Y 
#i;^T^I8«i6 0 o£i9, rttttYtt^^pff* 

^ au»ttHiBx* i o enmrnzm »«j««tR«x* 1 

o^px*i i ^nx-T5^c^^5o ^Oct^tcRt^X 

^ 1 OSrfflV^fca^tJlttJB^— ^ r 1 (Z, 0) (D^ 

ffieo»@Ff«rftix-t*5^*l SJ^ftffix-^gO (Z, 
0) j55^^/jt^ o d 0 i fflM\cistfz>ft)&d fc*5tts 
gO (Z, 0) X0«fe8Afct5*««i:, 
[Sc2] 

OK < == 0 < 3 6 O ^ 

<D$&mx\ 
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S O (Z. 0 ) — max {rl 

(Z, 0) tt*jRBB»-C«>5^d s *C5* s , ::*U*d 
0 lBOB^Kx— * r l (Z, 0) Sr*:^-* 

SLfcfigltlf-^gO (Z s 0) «r-^rl 

(Z. 0) 05X-YWfffi«r*Ufct><O-e*>5. COi 
T\ fitted 0 lBBPH-e£«$*bfc»tt'7*-^ r l 

(z. 0) -c\ iAttHi:< d e iiBH-cff«*^fcja 
Wf^go (z. 0) -cfcSo @9(iS»iIf 
-*g0 (Z, 0) &!7>f-Y— 7W- A-e*Ufct>«rC 

[0 0 191 flll0 3ll Wfl®r-^gO (Z, 
0) <DZ$toJjmz*5tfZ>7*— ?<DMfrd Z OSrd Z 1 \Z 

flstt«*d ZO^^V^^tC, J;9*PX»*«r±»fS 

d Z 1 te, 
[*5] 

Ct Z O d Z A 

OWKK&S. $8^fflSrdZ0^e>dZ llc^tfcl 
^ go (Z, 0) XfemZ titter- ffrtkCZAK 
CttttrO (Z, 0) SrZ«l*lRj{J:^^9>r^ftJ»"Ctt 

F^tsr tlc«fc 9 pJfg^^So ^dzo^dzii:^ 
IU^SM®T-i?Srgi (z, 0) 
W®f-ni (Z, 0) 5r!7^t-7^ti 

[0 0 2 01 fI10 4ft X-Y¥®^M0O* 
flfcR*Mri:0, Wlf-^gl (Z, 0) 
e^fe^SRtti^SJKftffi^-^g l (Z, 0) ODfl 

rw±cosj^sps^-^ g i (z, 0) (D&m*m\*.z 

•LtfcKIIHdZ 1 "C^*l btitc1£&&m7*-? g l 

(z, 0) od z irara-c3»R-r5 3o<E>g i (z, 

0) rftk03/&£rii5R£r#«>, ^©R©*g 

^S^A/hfflSrA/hft*^ r m i n £-T3o 
[0 0 2 1] #JH1 0 51*. »f£##3>'fcr~ — * 2td 

[0 0 2 2] #JQg 1 0 6 f* % ft/hft^S r m i n t R 
fflX* 1 0 co^f! r t U 

I3S6] 

^lift/hftWflr m i n#R«X*l OCO^r t «fc 
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[f&4] 

[0 0 2 3] #J«1 0 7fi, afljftlftx — * g 1 (Z, 
0) fcl*^r tl:J;»)I*»iftffito (z, 0) 

9oii Mi, X-Y^©rtt?^S0*rRj$cRttSri: 
"9, R-Z¥®^Wl7^gl (Z, 0) £^ 
/0 bfc4><£> a»*Sr^gl (Z, 0) Jh(7)^ 
fc«-*-*<fc5fc¥&r t<DR1BXA*«1-R4rra< 
^ r t coRO+^SK fti&tfSXJM^Si&ffi t 0 

(Z, 0) coR-Z^®(Cio(t^W®T*fc^o R^XJI 
*r*^PJ©*'MM (Zt, Rt) RtMftST 
— * g 1 (Z, 0) 09Jffi«£r (z, R) £ U ffifli 
(Z, R) lC*5tt5ftaa7*— * g 1 (Z. 0) CDR-Z 

[£C8] 

z t_ — t: — r t x B i n C^»> 

20 [3fc9] 

T^£*l,£ 0 fctffU RI«ftSf-ni (Z. 
0) *>j«fcK:J:lK 

[»1 0] 

^^6„ ccoJzp&Mtf (Z, R) a>*>RffiXA* 

'L^i (zt. Rt) ~*<Dm&&. zm&mzd z i m 
mx\ e^mzd e lniH-effofc, RiSfx^t^MS 

(Zt, Rt) T't$tl5ft®^II^l*St0 
50 (Z, 0) ti-5o Ull 2ttH*JCZWM«^d Z IB 
H^*3ft5»J»«*g 1 (Z, 0) (0fcflE0K:*5tf-3R 

-z^-mt. iLM»Mkmk, R«i*wt*ar t 

C0R^4^Ufct>cOT^^o a*ttd z iMPHKiistt* 
W8gl (Z. 0) , *3fcttRffiXA**i-*«r 

tOR©W>T'fc5o il3ttII»MtO (Z, 
0) $:!7-f ir— 71/- A-c^bfct>^-efc5o 

[0 0 2 4] ^JIRl 0 8fi, IA»»lftffit 0 (Z, 

0) *se*-iRj(cttd 0 i mmxTzmzthx^ztK mi 

0 (Z s 0) S:Z«i*lp)lcd Z 2MI«-X?fHrL^— ^ 
JdJ:9lfflllBUfcX*»»«B t l (Z, 0) 
S^JIK-Cfe-So PflBdZ2ttI^B«ffitO (z, 
0) oz»J«©***Stl«tllofcIit5. « 

f5©*ffi<OH«a^H^!lblttffi t 0 (Z, 0) 4R-Z 
tt^lpj^d Z 2KIPH"t?»»ttffi t 1 (Z, 0) co^-^ 

£ISttW-5o Hi4iii*»«*iti (z, 0) 

50 [0 0 2 5] ^JlRl 0 9te, X^#©)ft® t 1 (Z s 



(6) 



#l¥7-5 19 8 9 



JO 



0) 36>e>x*as57*-^s:fffi8"rsaf^T-fcs. i<os 

f^Sriai 5 J: 9 IftW-T 5. IASiitliltl (Z, 
0) <Z)Z##ft<D##J^£rN. 0*lpJ<7>»#J»SrMti- 
Hll Slc^UfcJzpKX^SjSM t 1 (Z, 

£>6o IftgKT-^ II Z Z t 6£fo<n 

i , t 1 i H 
[ftll] 

1 — C*- — 1 ) X d Z 22 

1*1 2] 
[SC13] 

t J. 1 — txtzt.<?il 

[114] 

M + l#g<D0M+lte 
[815] 

O -*- .1 =- O 

[0 0 2 6] mM 1 1 0 II ^JB 109 -Cffj*UfcN + 

So 

[0 0 2 7] &>±<D£ 5 47/^!iXAfj:fl-l7 P n^7 
A£ LT^yta- * 2Cg«Ltfct, JDXK:5fc*:o 

(WW) <0*W«rRWi-5. 
[0 0 2 8] SBMSKiasttSWIM (fflS'J) ©#)K4rHi 
6icj:9Kwrs. WT«>RWe«ffli-*fB#, dZ2 



* [0 0 2 9] ^WS2 0 Ofl ^ytW 2KlC*ila8ft 
[0 0 3 0] 201H flb±Bfl 9 T'fi4tOI*g 

[0 0 3 1] ¥120 211 =iVtfoL — * 2^XASK 
[0 0 3 2] ¥Jll2 0 3fl C«U ZiM, X#^r*U^>fb 

ttXt^XW^IiS/affilSttE 1 7 (a) (DTPO^tJ: 
9^ #M<S2 0 4^ft9ttttSX«Mfel lldRffiX^l 

[0 0 3 3] mm 20411 HYE%0 l l SrflnXSSfifciBi 

xft*»l iww»c^n»»)ftit5r ic J: «9 . R« 

ta<azttffi«ttTPZ o t^5 0 

[0 0 3 4] mm 2 0 511 *OXSrBB*fe-t*S«f^t?fc 
[0 0 3 5] f«2 0 6H «»«9t:Wld>bR1WXA 

[0 0 3 6] #1112 0 7 11 IIg»7*-^Otf«:n 

30 £rnma x £ ^£>£ =» ^ tf^ — ^ 2 <Oftg|$^{tT*fo5 0 
[0 0 3 7] ¥JI[I2 0 8*1 RffiSX^l O^fiSSrXA 

^CLTR^OfcfclilXAgftx — *^n#i<Z> 
C«U Z«U XttOimPCn, TPZn. TPX 



ST. n mm 



t r» z o 



[«[16] 

t r> c « 

[S17] 

< n — 1 ) 



— 1 5 



[818] 

T P X n. 



l#|l«i«»**Bl7 (a) |:i?)RMt5o 
^CQ^mH R^XJU 0fi#)!{!2 0 3tflJfflfttfc 
te@lc£>9. I © jiil^ b iM^f - ^ (7) l # I Tig 



»R^— *Ol«Bfc»»Ufci:#lcfl 117 (a) 
©A-AWfBfc»v^Hi 7 (b) w*H»-c*4ttfc« 
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